Objectives To discern whether gender was a unique predictor of the white coat effect (WCE) in a population of normotensives and patients diagnosed with hypertension.
Introduction
In the USA, 29% of the population has hypertension, defined as systolic blood pressure (BP) greater than 140 mmHg or diastolic BP greater than 90 mmHg, or taking antihypertensive medication [1] . Prevalence differs between men and women by age: until the age of 45 years men have higher rates of hypertension, between the age of 46 and 64 years men and women have similar rates, and in individuals aged 65 years and older women have much higher rates than men [2] . Women aged between 18 and 59 years are more likely to be aware of their hypertension and to be treated for it than men (this difference disappears after the age of 60 years) [1]; however, hypertensive women are less likely to have adequately-controlled BP [3, 4] .
One source of clinical bias that may influence the treatment of hypertension is the tendency for some individuals to have higher BP when measured inside the doctor's office, but lower BP when measured outside the doctor's office, a phenomenon known as the white coat effect (WCE). The WCE is usually assessed as the difference between measurements taken at the doctor's office and measurements taken by the ambulatory BP monitoring that takes place in the patient's natural environment [5] . Gender differences in the WCE and hypertension diagnosis have emerged. (Note, we use the term 'gender' rather than 'sex' throughout this paper to be consistent with definitions issued by the Institute of Medicine when using self-reported gender [6] and to reflect the growing tendency to use the former term to acknowledge the degree to which disparities between men and women often reflect a combination of biological and sociocultural influences [7] ). For example, women were more likely to be diagnosed with white coat hypertension (WCH) [8] , which can be thought of, as a WCE-subtype in which a patient's BP as measured in a doctor's office is actually in the hypertensive range despite ambulatory BP in the normotensive range [5] . In fact, with the exception of two small studies [9, 10] , the majority of the literature on the WCE and WCH reports that both phenomena are more prevalent in women compared with men [8, [11] [12] [13] [14] [15] [16] . The causes of the observed gender differences in WCE, however, are unclear. It is important to examine how meaningful such disparities may be, how they have been interpreted, and whether they can be explained by other variables that are often linked with gender and WCE, such as weight and anxiety.
Interpretations and perceptions of the unexplained gender differences in the WCE literature may give rise to potentially important gender disparities in the treatment of hypertension. For example, some researchers have suggested that, perhaps, hypertension treatment is less effective in women (specifically white women), because women are more likely to be WCH than sustained hypertensive [8] . To the extent that WCH is thought to be more of an issue for women, high BP may be thought to be less severe for women and assumed to be an artifact of the WCE. Owing to the evidence that disparities in perception exist, Lindbaek et al. [13] suggested that gender could be used to identify patients with a higher likelihood of having WCH. Such beliefs may have contributed to women having lower rates of hypertension control and hypertension treatment as compared with men, and perhaps to women being less likely to have their hypertension controlled with medication [3, 4] .
Pickering et al. [8] suggested that female gender is associated with a greater WCE because of the stereotype of a male physician as an authority figure. However, a recent study indicates that there is no difference between BP readings taken by a female nurse or a male physician [10] , suggesting that perceived male authority does not explain gender differences found in the WCE.
It is possible that mood-related factors and biopsychosocial factors frequently confounded with gender and the WCE may help explain the gender difference found in the WCE. Perhaps most notably, state anxiety has been shown to be predictive of the WCE [17] , and a number of studies suggest that women are more prone to worry and experience anxiety [18, 19] . However, to our knowledge, no studies that have reported on gender differences in the WCE or WCH have examined anxiety as an explanatory factor of the association between gender and the WCE or WCH. Socioeconomic status (SES) is another important potential confound. Women have lower income compared with men [20] , and lower SES has been linked with higher cardiovascular disease risk [21, 22] . Further, basic demographic factors such as age and BMI have been associated with the WCE and WCH, and it is important to control for these variables when assessing gender differences in the WCE and WCH, which has been handled inconsistently in the relevant literature. For example, one study excluded weight from the analyses because of a high correlation between weight and gender [8] and another study excluded all people with WCH from the analyses [10] .
The goal of this study was to discern whether gender was an important independent predictor of the WCE in a large sample of male and female participants who participated in a larger study involving 36-h ambulatory BP monitoring. We posit that gender differences in the WCE found in earlier research have been largely artifactual, reflecting relatively small effects and the influence of other variables. In other words, gender may often function as a proxy for something that is influencing the WCE. In this study, we hypothesize that gender will be significantly associated with the WCE, but that the association will be small. Further, we expect that gender will no longer be a significant predictor of WCE after controlling for anxiety, SES, age, and BMI.
Materials and methods

Participants
This research is part of a larger study examining psychological and behavioral mechanisms responsible for WCH [17] . A total of 390 people enrolled in the study. Participants were excluded from the analyses if they were missing key BP data from one of the three visits that comprised the full study, thus resulting in 286 full participants. An additional 34 participants were missing at random key psychosocial or biodemographic data, resulting in a final sample consisting of only 252 participants. To be eligible for the study, patients had to: be aged between 18 and 80 years; agree, with permission of their physician, to come off antihypertensive medication for a 8-week study duration; have no earlier cardiovascular morbid event; be in normal sinus rhythm; have no major medical problems other than hypertension; and speak English. The sample was recruited from physician referrals to the Weill Cornell Hypertension Center of New York Presbyterian Hospital and through media advertisements. Study procedures were approved by the hospital's Institutional Review Board.
Procedure
Initial visit
Informed consent was obtained after study procedures were explained. Participants scheduled an appointment to come to the laboratory 1-2 weeks later for their day 1 visit.
Day 1 visit
Participants came to the hospital laboratory that was separate from the hypertension clinic. They came in through an entrance that was separate from the entrance used for the physician's visits, and neither did the laboratory resemble a physician's office, nor was a physician present. The participant was fitted with an arm cuff for an ambulatory BP monitor (Spacelabs, Redmond, Washington, USA, model 90207). A research assistant manually triggered two BP readings using the ambulatory monitor while the participant was sitting. These readings were used as the day 1 resting BPs.
The research assistant then took three BP readings on the arm without the ambulatory monitor using a mercury sphygmomanometer (W.A. Baum Co., Inc., Copiague, NY, USA) and stethoscope. These measurements were taken as a comparison for the manually triggered ambulatory BP readings to validate the ambulatory BP monitor. The ambulatory monitor was validated following the guidelines set by the British Hypertension Society [23, 24] . The participant wore the ambulatory BP monitor until 10 p.m. the next night.
Day 2 visit
The participant came to the hypertension clinic the next day still wearing the ambulatory monitor. The participant was met by a research assistant in the waiting area and was asked to sit and relax. The research assistant assessed trait anxiety by the Spielberger State-Trait Anxiety Inventory [25] . A single-item measure of state anxiety was assessed using a Visual Analogue Scale and this measure was used to assess anxiety throughout the visit. Next, two BP readings were taken by manually triggering the ambulatory BP monitor 2 min apart; immediately after these measures state anxiety was assessed again. Ten to 15 minutes later the participant was taken to the examination room and state anxiety was measured for the third time. The research assistant triggered two more BP readings before the physician came in and state anxiety was then assessed again for the fourth time. A male physician entered within 5 min of the participant being seated in the room and took three BP readings using a mercury sphygmomanometer and stethoscope. State anxiety was assessed for the fifth time when the physician entered the room, and again after the physician took the BP readings, and later again as soon as the physician left. Two additional BP readings were manually triggered on the ambulatory BP monitor by the research assistant after the physician had left the room. State anxiety was measured for the eighth and the last time. The participant then left the hypertension clinic and continued to wear the ambulatory BP monitor until 10 p.m. that night, for a total of 36 h of ambulatory monitoring.
Measures
Ambulatory blood pressure
As described, in detail, above, the ambulatory BP was taken over the course of 36 h, starting from the morning of the day 1 visit, and extending until 10 p.m. the following evening. BP readings were taken every 15 min throughout the day, and every hour during the night, from 22:00 h to 06:00 h. BP readings throughout the 36-h period were averaged to calculate the ambulatory BP. The WCE was computed as the average of the 36-h ambulatory systolic BP minus the three BP measurements taken by the physician.
State anxiety
The Visual Analogue Scale was used to assess state anxiety on the day the office BP was measured by the physician. Participants indicated how anxious they felt leading up to, during, and after the BP measurement in the doctor's office. Eight measurements were taken and averaged.
Trait anxiety
Trait anxiety was measured using the 20-item Spielberger State-Trait Anxiety Inventory [25] . Responses ranged between 1 and 4, with 1 = almost never and 4 = almost always. Scores were added to create a total score ranging from 20-80, with 80 indicating a greater trait anxiety.
Demographic variables
Age was calculated from the self-reported birth date of the participants. BMI was calculated as kilograms per meter squared based on measured height and weight. Annual household income was assessed on a self-report scale of 1-6, where 1 = less than $10 000, 2 = $10 000-19 999, 3 = $20 000-39 999, 4 = $40 000-59 999, 5 = $60 000-99 999, and 6 = $100 000 and above. Education was assessed on a 1-7 scale representing the number of years of school completed with: 1 = less than 7th grade, 2 = some junior high school, 3 = some high school, 4 = high school degree, 5 = some college, 6 = college degree, and 7 = graduate or professional training.
Data analysis
Data were cleaned and coded, and variables were screened for normality. All variables met the assumptions for normality. Data were analyzed using SPSS version 17 (SPSS Inc., Chicago, IL, USA). Bivariate correlations were run among all study variables. Independent samples of t-tests were run among all study variables. Four linear regression analyses tested the effects of selected variables on systolic WCE, chosen because it was correlated with gender whereas diastolic WCE was not. Similarly, we included only independent variables that were correlated with gender or the systolic WCE in the regression analyses with the exception of BMI, as it is a variable that has frequently been reported in earlier literature on the WCE. The first regression analysis examined whether gender alone was predictive for the WCE. We carried out the second hierarchical analysis in two steps: gender predicting systolic WCE in step one and biodemographic variables such as age and BMI added in step two. The third set of regression analyses predicting the systolic WCE included gender in step one, age and BMI in step two, and state anxiety in step three. The final set of regression analyses predicting the systolic WCE included four steps: gender predicting systolic WCE in step one, age and BMI added in step two, state anxiety in step three, and household income added in step four.
Results
Descriptive statistics
More than half of the sample (n = 134, 53.2%) consisted of female participants. The average age of the sample was 45.16 years (range: 18-73 years). Men and women were significantly different in age [t(253) = -2.92, P = 0.004], with women's mean age [M = 47.05 years, standard deviation (SD) = 9.86 years] being higher than that of men's mean age (M = 43.14 years, SD = 11.40 years). The means and SDs of key study variables for men and women are presented in (M = 4.42 mmHg, SD = 8.45 mmHg). On the basis of a criterion of 140/90 mmHg, 61.5% of the sample was normotensive.
Correlations
Correlations among key study variables are presented in Table 2 . Female gender was significantly associated with a higher systolic WCE (r = 0.163, P < 0.01) and age (r = 0.181, P < 0.01). State anxiety was also significantly associated with the systolic WCE (r = 0.160, P < 0.05) and greater age (r = 0.232, P < 0.01). Household income was significantly correlated with lower BMI (r = -0.202, P < 0.01), a higher systolic WCE (r = 0.308, P < 0.01), and lower trait anxiety (r = -0.285, P < 0.01).
Regression analyses
Results of the regression analyses are reported in Table 3 . Gender was a significant predictor of the systolic WCE when run by itself in a regression analysis, but, as predicted, the effect size was small (R 2 = 0.026, P < 0.01). As shown in Table 3 , when age and BMI were included in the second step of the regression analysis, gender was no longer a significant predictor of WCE; neither age nor BMI were significant predictors of the WCE in this model. In the third regression analysis, when state anxiety was included in the third step, with gender in the first step and age and BMI in the second step, state anxiety was a significant independent predictor of systolic WCE (b = 0.188, P < 0.05), in addition to the other variables. Finally, when the household income was added to this model in the fourth and final step, state anxiety became a marginally significant independent predictor of the systolic WCE (b = 0.164, P < 0.10) and the household income became the only significant independent predictor of systolic WCE (b = 0.203, P < 0.05).
Discussion
As reviewed here, gender differences in the WCE have emerged earlier in the literature, but have been inconsistent. Explanations of this association have not been investigated earlier, and the fact that women have occasionally evidenced greater WCE has potentially put women at risk for having their hypertension dismissed as not problematic. The goal of this study was to discern whether gender was an important and independent predictor of the WCE or whether other variables, such WCE, white coat effect. ***P < 0.01. as anxiety, explain the gender and WCE association and better predict the WCE. In concordance with the majority of research carried out, we found that gender was associated with the WCE in this sample [8, [11] [12] [13] [14] [15] . However, the effect size was small, with gender accounting for less than 3% of the variance in WCE. State anxiety was significant in predicting the systolic WCE in addition to age, BMI, and gender, although it dropped to marginal significance with the inclusion of household income. Household income emerged as the only significant independent predictor in addition to gender, age, BMI, and state anxiety. Overall, our findings support our hypothesis that biodemographic variables and anxiety may help account for the association between gender and the systolic WCE.
These findings are important because they suggest that gender has been overestimated as a variable that can help identify patients at greater risk for a larger WCE. The small effect size for gender predicting the systolic WCE suggests that gender differences in WCE should be interpreted with caution and in light of other variables that may be better predictors of the systolic WCE.
We predicted that state anxiety would be a unique predictor of WCE and that it would help explain any association between gender and the WCE. Anxiety has been linked with WCE in the earlier literature [17] . Perhaps there is something different about the doctor's office, a place often associated with unpleasantries from an early age, at least for many individuals, that increases a person's state anxiety in that environment. This in turn could increase BP at the doctor's office, leading to the hypothesis that state anxiety would be associated with the WCE. There was some support for this hypothesis in this study. Although women did not have significantly different averaged state anxiety levels than men (and thus anxiety could not be examined as a mediator of gender and the WCE) state anxiety was a stronger and a more unique predictor of WCE than gender. This suggests that state anxiety is an important variable on its own, and may cause a transient increase in BP in the doctor's office. State anxiety is a variable that should be assessed more frequently in the context of hypertension.
Interestingly, annual household income was the most important variable in predicting the systolic WCE in this study with higher household income being associated with greater systolic WCE in addition to anxiety and other key study variables. Other studies have not evaluated the association between WCE and household income. However, Martínez et al. [15] found that low educational level was associated with WCH. In our sample, education level and household income were positively correlated, but education level was not correlated with the WCE and was therefore left out of regression analyses. A study by Luepker et al. [26] assessed coronary heart disease risk factors and measures of SES and found that education level and household income were positively associated, but household income was inconsistent in magnitude and direction for predicting various risk factors for coronary heart disease [26] . Although speculative, it is possible that we see greater household income predicting a larger WCE because those with higher household income also had more education and might thus have been more aware of the implications of hypertension. This possible increase in awareness could potentially lead to higher office-measured BP because of increased stress from having knowledge about the implications of having signs of hypertension. In this sample, higher household income was associated with lower trait anxiety and not with state anxiety, suggesting that state anxiety does not account for the increase in WCE that appears as household income increases. The association between household income and the WCE needs to be investigated further.
A limitation of this study is that all study participants were asked to come off their antihypertensive drugs during the 8-week study protocol. This was necessary as differential medication changes make interpretation very difficult, but it also limits the generalizability to populations who stay on antihypertensive treatment, or who have not been treated with antihypertensive drugs in the past. The age in this sample ranged from 18 to 73 years (M = 45.16 years, SD = 10.63), and we included age in key analyses. However, earlier studies describing gender and WCE effects have been based on samples of older average age. It is possible that gender differences in constructs like anxiety are more likely to emerge in older, perhaps more traditional samples and that this helps explain the null gender findings in this research.
This is the first study, to our knowledge, to explain the relationship between gender and the WCE, to the extent that gender is linked with the WCE and the WCE is linked with hypertension risk. Perceptions about gender differences in the WCE may lead to gender disparities in treatment for hypertension. Overall, this study suggests that the association between gender and the systolic WCE is very small, and that it is likely to be accounted for by confounding variables such as age, BMI, state anxiety, and household income. Gender may thus be of limited use in helping identify patients who are more likely to have WCH, and gender differences in this area should be interpreted with great caution.
